
Dr. D. Woolacott—The Interglacial Problem. 21

Here and there steep sandstones and clays of the Murree beds are
exposed below them.

About 200 metres farther west the steep Murree beds are again
visibly covered by boulders and loess. At the base of the alluvial
deposits bitumen appears. Also the strata of the Murree beds are
in some parts impregnated with it (vide Fig. 8).

No doubt the tar is lying in a secondary position, and in all
probability originates in the Upper Nummulitic that is exposed at
the foot of the limestone ridge of Kairi-Murat (comp. Section X,
Plate I).

The tar occurrence of Lundegar is a further proof of the great
extension of oil and bitumen in the Upper Nummulitic.

(To be continued.)

The Interglacial Problem and the Glacial and Post-
glacial Sequence in Northumberland and Durham.

By DAVID WOOLACOTT, D.SC, F.G.S. „

QINCE my papers on " The Superficial Deposits and Preglacial
^ Valleys of the Northumberland and Durham Coalfield " 1 and
" The Origin and Influence of the chief Physical Features of
Northumberland and Durham " 2 were published, a great deal of
detailed work has been done on the glacial phenomena in the
two north-eastern counties by Smythe,3 Merrick,4 Herdman,5

Trechmann,6 and myself.' As I have given much attention to this
subject it may be of interest and value if I give a brief resume of
my views, a general summary of the work done, and attempt to
show the general sequence of the phenomena that have been
described. My extensive study of the Drift in these two countries
and elsewhere has convinced me of its complexity. I cannot,
therefore, be dogmatic on any points, but will endeavour to show the
general trend of my thoughts on the subject.

The complexity of the superficial deposits is evident to all who
have studied a typical glaciated area in detail, and the widely

1 Quart. Journ. Geol. Soc, vol. Ixi, 1905, p. 68.
2 Geogr. Journ., July, 1907, p. 37.
3 " Glacial Phenomena of thecountry between the Tyne and the Wansbeck " :

Trans. Nat, Hist. Soc. Northumberland, etc., 1914. " Glacial Geology of
Northumberland": ibid., 1908.

4 " Glacial Deposits around Newcastle-upon-Tyne " : Proc. Univ. Durham
Phil. Soc, 1909.

5 " Glacial Phenomena of the Vale of Derwent " : ibid., 1909.
6 " The Scandinavian Drift of the Durham Coast " : Quart. Journ. Geol.

Soc, vol. lxxi, 1915, pp. 53-82. " On a Deposit of Interglacial Loess and
some transported Freshwater Clays on the Durham Coast": Quart. Journ.
Geol. Soc, vol. lxxv, pt. iii, 1920, pp. 173-203.

7 " The Preglacial Wash " : Proc. Univ. Durham Phil. Soc, 1906. " Borings
at Derwenthaugh and Durston " : ibid., 1909. " Geology of N.E. Durham
and S.E. Northumberland" : Geol. Assoc, 1912, etc. There is also a large
amount of carefully recorded data in the Boulders Com. Reports of the Univ.
Durham Phil. Soc, 1905-12.
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diverse views that are still held regarding their origin are an evidence
of the difficulty experienced in the interpretation of the phenomena.
Accepting as definitely proved that the greater part of the Drift
is the product of an ice-sheet, the main controversy now centres
round whether there were true Interglacial episodes in the formation
of the Glacial deposits ; some geologists asserting that the evidence
proves there was a succession of Glacial epochs in the Pleistocene
Period * and some that our era may even be an Interglacial one,
while others affirm that there is no evidence of any such intervals
in the Glacial deposits of Britain.2 As I propose to discuss the
evidence that has been advanced recently in favour of Interglacial
periods in the Drift of the north-east of England 3 it may be well to
consider what is meant by such periods, and the nature of the
evidence that seems to be necessary to prove that they occurred.
The subject is specially complicated because of the difficulty of
distinguishing in a limited area an interval of ice-retreat from an
Interglacial period, also because there are no exact criteria by means
of which Interglacial deposits can be differentiated from interval-
deposits or even sometimes from fluvio-glacial beds. If an area
has once been glaciated and the ice has retreated, it is obvious it
may be regiaciated without a true Interglacial period intervening,
for by such an epoch we imply not only the retreat of the ice from
a limited area and its subsequent return, but the disajypearance
or almost total disappearance of the ice from the main gathering
grounds (produced by the oncoming of a warmer climate over the
whole glaciated region) and then the regrowth of the ice-sheet and the
reglaciation of the area considered. Within the limits of the country
studied it might be difficult to distinguish a temporary retreat of
the ice from an Interglacial period, as they might be marked by the
sathe phenomena, although to a less extent and over a smaller area
in the one case than the other. Interglacial periods might be
signalized on a marine area by the production of a shore-line and
the laying down of deposits, on a land area by the formation of
lakes and lake deposits, plant beds, loess deposits, and by a con-
siderable amount of denudation ; and somewhat the same phenomena,
although on a lesser scale, might mark in a limited area a retreat
of the ice from it alone. The only way in which an Interglacial
epoch can be proved is by showing that the retreat of the ice took
place over the whole glaciated region at the same time. It might
obviously be impossible to distinguish in one area the phenomena
of an interval of ice-retreat from those of a true Interglacial period ;
thus the difficulty that has arisen in connexion with the Interglacial
problem is due in the first place to the non-recognition of the fact

1 J. Geikie, The Great Ice Age. And other authors.
2 Lamplugh, Address to the Geological Section, British Association, York,

1906, etc. It has also been asserted recently by a Swiss geologist that there
is no evidence of true Interglacial periods in the Glacial deposits of Switzerland.

3 Trechmann, op. jam cit., Quart. Journ. Geol. Soc, 1920.
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that ice-retreat does not necessarily imply an Interglacial period,
and in the second place that sweeping generalizations have been
made before the phenomena in different areas, due to the intervals
of ice-retreat, have been correlated. If, however, this question is
to be finally solved it will only be by the working out of deposits,
etc., due to the episodes of ice-retreat in each area and their careful
correlation, that it will be found if such intervals are so widespread
as to be really Interglacial in character.

I would therefore suggest that until this problem has been more
fully investigated the term " Interval-in-the-Glaciation " of an area
be used when only a limited extent of ground is being studied and
not Interglacial period to designate epochs of ice-retreat, and that
the term '" Interval-deposit " be applied to beds formed during such
periods, until by an accumulation of evidence they are proved to
be really Interglacial in character. This would tend to define
the problem clearly, and to do away with the assumption that any
deposits which are not of direct glacial formation in the Drift are
Interglacial. The chief difficulty in the acceptance of a series of
Interglacial periods is found in the fact that it is difficult to correlate
the phenomena that have been taken to mark such episodes in
different areas ; indeed, it has appeared to some geologists that a
change in the foci of ice accumulation and consequent direction of
maximum movement might explain most of the phenomena, rather
than a succession of Interglacial epochs. If the term " Glaciation-
interval " was adopted, and the effects produced in such intervals
were gradually worked out as regards their relative importance
and extent, and afterwards, if possible, correlated in different districts
and later in different countries, it would ultimately be possible to
find out whether any intervals were of such extent and importance
as to constitute true Interglacial periods. Time alone is not the
factor, as an " Interval-in-the-Glaciation " might be as prolonged as
an Interglacial period, but it might, however, only be of short
duration. No '"Interval-deposit" or "Interval-denudation"
should be accepted as Interglacial until it is definitely proved to
be so. Only in some such way will a really sound general idea of
the Glacial deposits be obtained, and it be settled whether they are
the result of one continuous glaciation, or of a succession of Glacial
epochs. . •

The subject is further complicated by the difficulty of distin-
guishing true Glacial from Interglacial deposits, and both of these
from beds laid down during an Interval-in-the-Glaciation. Some
geologists have regarded the thick sands and gravels occurring
in the boulder-clay of the North of England as Interglacial,
but some of them may not even be Interval-deposits.
They may only be of fluvio-glacial origin, and have been formed
during periods of periodic and seasonal ice-melting. There are,
however, some beds which may be Interval- or even Interglacial
deposits, and their inclusion as such may bear no relation to their
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thickness or extent; e.g., the local deposit of sands and gravels at
Horsebridge Head, north of the mouth of the Wansbeck,1 resting
on the bed-rock beneath typical boulder-clay, which has been
described by one writer as a Preglacial shore-line and by another
as the deposit of an early Glacial stream, may have been deposited
during an Interval-in-the-Glaciation of Eastern Northumberland or
may even be Interglacial; while, on the other hand, the bed of loess
at Warren House Gill lately described by Trechmann as an Inter-
glacial deposit 2 may not be such, but may be an Interval-deposit
marking an important episode in the glaciation of East Durham
between the deposition of the Scandinavian and British drifts. (Xo
deposits of peat, plant beds, etc., with a temperate flora are yet
known in the Glacial deposits of Northumberland and Durham,
and so need not be discussed in this paper.)

There is another point to which the greatest attention should be
paid if the Interglacial problem has ever to be solved, and that is
the exact use of the terms Pre-, Inter-, and Postglacial. A bed
beneath boulder-clay is not necessarily Preglacial, as e.g. the deposit
at Horsebridge Head or the Sewerby raised beach at Bridlington
(both of which have been considered to be Preglacial; the only thing
certain is, however, that they were formed prior to the Glacial
deposit under which they lie). In the same way a bed occurring in
the boulder-clay which was not formed or not directly formed by
ice is not necessarily Interglacial, and beds resting on typical
boulder-clay with only recent deposits above are not always
Postglacial.

The difficulties met with in the working out of the sequence in
the Drift of an area are due to several causes, the principal of which
are (a) the irregular surface on which it rests, (b) the possibility of
thff moraine profonde of one ice-stream being overlain by that
of another from a different region during one continuous period of
glaciation, (c) the possibility of the moraine profonde, etc., of one
ice-stream being entirely removed by another ice-flow without an
Interglacial period or even a " Glaciation-interval " between, (d) the
possibility of some of the deposits being laid down by water without
even an " Interval-in-the-Glaciation ", and (e) (as a result of these)
the complex manner in which the beds change from point to
point so that it is exceedingly difficult to correlate them. Every
worker in the field on the Drift must have been impressed by the
complexity of the deposits, the detailed and exact observation that
is necessary to determine the mode of origin of certain beds, or to
work out the sequence of events, and by the great need there is for
the exact use of terms in describing the formations.

There are certain features of the Glacial and Postglacial phenomena
of the two north-eastern counties on which most glaciologists would

1 A fuller description of this bed is given later.
2 Op. jam cit., 1920, p. 187.
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agree. I propose briefly to summarize these, and subsequently to
discuss more controversial and indefinite subjects. The most
important of the former are :—

(1) In Preglacial times—probably starting with the Miocene—
the surface of Northumberland and Durham was eroded by a series
of easterly-flowing streams, which were not adjusted to the present
coastline.1 The maximum proved depth of the Preglacial valleys
beneath sea-level is 169 feet, occurring at Dunston, west of Gates-
head, near the junction of the " Wash " 2 and the " Tyne ".\ These
mature watercourses probably were considerably and unevenly
deepened by glaciation. Those which lay in the same direction as
that of the ice-movement had a series of rock basins developed in
them. In my paper on the superficial deposits I prove that the slope
of the bed-rock of the " Tyne " is of a switchback nature/ a feature
probably due to the scooping out of the softer beds by the Tyne
glacier." In valleys such as the " Wash ", which lay across the
direction of the ice-flow, the slope of the Preglacial Thalweg is,
however, continuously in one direction.6 The depth of the " Tyn*"
at its mouth is not so great as it is further inland nor as that of the
" Wash ", and I am of the opinion that this is in part due to the
uplift that produced the Postglacial raised beaches having been
more accentuated in the coastal region. It would appear certain
that at some time prior to the Glacial period the country was more
elevated and that the constructional shore-line lay far to the east
and north of the present one,7 but there is no evidence in the
two north-eastern counties as to the position of the coastline
immediately prior to the oncoming of the Scandinavian ice-sheet.6

(2) Before this great outflow, Teglian, Cromerian, and other
deposits were laid down on the North Sea area, and some of these
were pushed forward by the advancing ice.9

(3) The first ice to reach the east of Durham was that from

1 Geogr. Journ., July, 1907.
2 In this paper all Preglacial valleys are denoted by inverted commas.
3 " Note on Borincs at Derwenthaugh and Dunston " : Proc. Univ. Durham

Phil. Soc, 1909.
4 Quart. Journ. Geol. Soc, vol. lxi, 1905, p. 76.
5 Jlerrick, who has studied the Tyne valley very minutely, has also come

to the conclusion that rock-basins were developed along it.
6 " The Preglacial Wash " : Proe. Univ. Durham Phil. Soc, vol. ii, 1906,

p. 5.
7 Geogr. Journ., July, 1907, p, 37.
8 The buried Chalk cliff and associated deposits at Sewerby, near Flam-

borough Head, is a little above sea-level. Lamplugh states " that they prove
that at the beginning of glaeial times the North Sea held possession of its basin,
and with a surprisingly slight difference from the present level". I have always
doubted that the level at the beginning of Glacial times was the same as the
present. I consider it to have been more elevated. It is not certain that the
Sewerby raised beach is not an Interval-deposit. (Or, as suggested by
Trechmann, op. jam eit., p. 190, an Interglacial one.)

9 Trechmann, Quart. Journ. Geol. Soc, vol. lxxv, pt. iii, 1920, p. 193.
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Norway1—the Scandinavian Drift being a " pure culture" of
Norwegian rocks, together with such material as it obtained in its
passage across the North Sea.2

(4) The course of events after the first oncoming of this ice-
sheet is difficult to decipher (as the reading of it depends on
whether Interglacial periods are accepted or not, and also on the
manner in which it is thought certain beds, etc., were produced),3 but
of the final period of glaciation we can form a fairly clear picture.
During this epoch the coastal area of Northumberland and Durham
was invaded by ice from several regions. There were four main
ice-streams 4 from the west, all of which received a southerly trend
along this area due to the pressure of the invading sheet from the
Continent. These four western flows were (a) one down the Firth
of Forth (Forth ice),5 (b) one down the Tweed which swept round
the Cheviots (Tweed-Cheviot ice), (c) a broad stream from the south-
west of Scotland and the Lake District which came over the
Northumberland moors, was confluent with a small Alpine glacier
down the South Tyne valley, and filled up the Tyne valley (Lake
District ice, south-west of Scotland ice, Northumberland ice or Tyne
valley ice) and (d) one from the Lake District over Stainmoor,
bringing with it the Shap boulders and confluent between Cotherstone
and Middleton 6 with a glacier down the Tees valley (Lake District
(Shap) ice,7 Stainmoor ice or Tees valley ice). The indicator
boulders and the direction of the glacial striations prove that these
main flows, following the general contour of the country, moved
eastwards in more or less parallel lines until they came under the
influence of the Scandinavian ice-sheet,8 which diverted them

1 Professor Bonney (Presidential Address, Brit. Assoc, Sheffield, 1910,
p. 23) has endeavoured to show that the Norwegian deep off the south-west
coast of Norway would offer a difficulty to the passage of an ice-sheet, but I am
in agreement with Dr. Trechmann when he states that this deep need not be
considered as presenting a difficulty, and I also consider that the evidence
(distribution of boulders, marine shell-bearing gravels and sands pushed inland,
etc.) proves that the Scandinavian ice did actually move over the North Sea
area, and that a lobe impinged on the Durham coast near Castle Eden.

2 Trechmann, op. jam cit., p. 186.
3 e.g. the deposit at Horsebridge Head.
4 Minor glaciers in the Cheviots and Pennines are not considered here,

e.g. a glacier came down the Wear valley and was confluent with the
Northumberland ice on the north and Lake District (Shap) ice on the south.

5 Boulders of olivine-basalt, most probably from the Firth of Forth, occur
in the clay at Fulwell Quarries and of St. Abb's porphyrite in that near
Tynemouth.

6 Three miles and 8 miles west of Barnard Castle respectively.
7 It appears highly probable that boulders of Shap granite do occur in the

Drift of the Tyne valley. The evidence for their occurrence is very strong.
8 Along the coast of Northumberland from Bamborough to the Wansbeck

there are two boulder clays of different origin, a lower typical bluish clay
mainly of western derivation and an upper reddish clay of Tweed valley and
northern origin. Smythe, Glacial Geology of Northumberland, p. 94. In a
depression at Hartlepool there is a boulder clay with only Western erratics
(Trechmann, op. jam cit., 1920, p. 191), and at Horsebridge Head there is a
deposit containing Scottish rocks beneath the Western derived boulder clay.
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towards the south, so that they formed a Piedmont glacier. This
composite ice-flow moved parallel to the coast of Northumberland
and Durham.1 They also prove that this was the direction of the
ice-streams before they began to retreat from North-East England.
Along the coastal border of Northumberland and Durham all the
observed directions of the striations have this southerly trend. In
Northumberland on the open west country they are from west to
east, but along a coastal belt about 12 to 14 miles wide there is a
distinct series all directed southwards. In one or two places a few
miles inland, as at Burradon and South Charlton, there are two sets
of striations, an earlier easterly and a later southerly.2 In Durham,
owing to the more irregular contour of the eastern area, this belt is
not so distinctly marked or has not yet been so clearly worked out,
but the same orientation is clearly observable along the entire
coastal region into North Yorkshire.

STRIATIONS ALONG THE COASTAL BORDER OF NORTH-EAST
ENGLAND.*

Fame Islands . . . . . . S.S.E. «.
Budle Bay S.E. and S.S.E.
Swinhoef S.W.
Chathill S.S.E.
Newton Sea Houses . . . . . S. 35° E. and S.

fearlier E
South Charlton (two striations) . \ later S
Little Mill Quarries (two striations). /earlier S. 17° E.

\ later S.S.W.
Near mouth of Coquet . . . . . S.
Horsebridge Head (mouth of Wansbeek) . . S.

(•earliest 56° N. of E.
Burradon (three striations) < 20° S. of E.

I latest 44° S. of E.
Kenton Quarries (near Newcastle) . . . S.E.
The Flatts, North Shields . . . . S.S.E.
Roker, Sunderland* . . . . . W.S.W.
Fulwell Quarries . . . . . . S.
Salt erf en Roeks (2 miles S. of Sunderland) . S. 17° E.
Haswell Quarry . . . . . . S.
Wingato . " . . . •. . . S. 10= E.
Eagleseliffe W.S.W., S.W., and

S.W. by W.
Hob Hill, Saltburn S.E.

* From records by Smythe, Trechmann, Kendall, Tate, Barrow, and myself.
t From an old unconfirmed record by Tate.
£ Observed by Professor Kendall. It is more westerly than the rest of the

striations round Sunderland, but the rock fragments found in the Grindon
Kaim suggest that the ice was moving in this direction at one period in this
area, e.g. fragments of Concretionary Magnesian Limestone occur in it west
of the outcrop of that rock.

At the end of this period of maximum glaciation in North-East
England the combined Forth and Tweed-Cheviot ice was moving
due south along the coastal border, the ice from the Lake District

1 Smythe, op. jam cit., pp. 89-90.
2 We as yet know nothing about either the Indicator boulders or the direction

of the stria; in the floor of the Preglacial " Sleekburn "," Tyne ", or " Tees ".
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and South-West Scotland streaming across Western Northumberland
was pressed south-eastwards over North Durham, and the Tees
valley ice was diverted southwards. The northern ice that moved
down the coastal region of South-East Northumberland and East
Durham thus brought with it to these regions Scotch, Cheviot, Lake
District, and Northumberland boulders, and to the Cleveland area
all these together with Scandinavian rocks.

(5) During the same epoch this coastal ice carried with it in its
passage southwards shore and other deposits. These were pushed
inland, and being reassorted by glacial streams were deposited in
mounds 1 along the margin of the melting ice-sheet, the Grindon,
Warden Law, and Sheraton Kaims of East Durham being formed.

In his work on the glacier-lakes of Northumberland, Dr. Smythe
has proved that the western ice from South-West Scotland and" the
Lake District was the first to retreat in this county,2 and the evidence
corroborates this in North-East Durham, as the Grindon and
Warden Law 3 Kaims to the west of Sunderland 4 were formed on
the free margin of the Tweed-Cheviot ice. Near Warden Law,
cutting across the Permian escarpment, is a dry channel which
may have been formed by the waters from the glacial streams that
deposited this Kaim and the associated sands and gravels The
country lying on the western boundary of this ice-sheet was
free from ice in this region at that time. In the south of the
county the shell-bearing Kaims at Sheraton were similarly formed
on the free margin of the same ice-sheet,5 and the shell-bearing
spreads of cemented sand and gravel in South-East Durham are also
fluvio-glacial deposits formed under similar conditions.6

(6) During the period of the maximum pressure of the combined
ice-flows along the coastal region of North-East England the glacier-
lakes of Cleveland were formed, the phenomena associated with
which have been so fully described by Professor Kendall.7 These
lakes lasted until the beginning of the retreat of the ice from the
coastal region.

(7) About the same time a system of ice-dammed lakes existed in

1 Adopting the classification of fluvio-glacial mounds and ridges into Kaims,
Eskers, and Osars proposed by Professor Gregory in a paper read before the
Royal Society on April 29,1920 (GEOL. MAC, June, 1920), those of Northumber-
land and Durham are all Kaims. They were formed along the margin of the
ice-sheet, some being deposited in glacier-lakes and others not.

2 " Glacial Geology of Northumberland " : op. jam cit., p. 104.
3 Warden Law is 5 miles inland and 646 feet above sea-level. The gravels

are 200 feet thick. Grindon is about the same distance inland.
4 " Geology of N.E. Durham and S.E. Northumberland " : op. jam cit ,

p. 102.
5 A list of shell-fragments collected in these Kaims by Trechmann is given in

the Quart. Journ. Geol. Soc, vol. lxxv, pt. iii, 1920, p. 194. They are 4 miles
inland, and about 400 feet high.

6 I have collected shell-fragments from the gravels at Dalton Piercy, near
Hartlepool.

7 Quart. Journ. Geol. Soc, vol. lviii, 1902, pp. 471-571.
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the Cheviots,1 and in the tributary valleys of the Tyne and Tees.2

The overflow channels connected with the latter are one of the most
marked rmysiographical features of South-West Northumberland and
Western Durham. The glacier-lake of the Derwent valley 3 was
formed when the Lake District-Northumberland ice was feeling the
pressure of the coastal ice many miles inland.

(8) The phenomena connected with the period of ice-retreat are
specially well-marked in Northumberland, and have been very
carefully worked out by Smythe.4 He has proved that the first
ice to retreat in that country was the western flow from South-West
Scotland and the Lake District, while the Tweed-Cheviot ice still
occupied the coastal border." A system of temporary lakes was
formed ; the numerous overflow channels from these and the Kaims
deposited by streams flowing into them from the free margin of the
ice-sheets are among the most distinctive features of the physical
geography of Mid-Northumberland. About the same time the gap
at Ferryhill was cut by a stream flowing from waters held up by
ice in the Tees valley,6 and the gorge of the Wear near its mouti
was probably started by an overflow stream when the Tweed-
Cheviot ice was holding up temporary waters to the west and finally
retreating from North-East Durham. Further to the west the
phenomena connected with the retreat of the ice are also in j>laces
clearly observable. Beyond the limits of Western Northumberland
the retreating ice held up waters of some magnitude, the overflow
channel from which is the great swire of the Tyne Gap.7 The
retreat of the Lake District (Shap) ice across Stainmoor is distinctly
marked on Cotherstone Moor by the well-developed group of Kaims
known as the Burners Hills. The contrast between these conical
fluvio-glacial mounds and the flat-topped table-like Millstone Grit
hills—butte- or mesa-like remnants of a small dissected plateau—of
Goldsborough and Shacklesborough on either side of them forms
one of the distinct features of the country lying between Barnard
Castle, Bowes, and Middleton-in-Teesdale.

(9) While the position of many valleys now dry or still drainage
channels was determined by the overflow channels from glacier-

1 Kendall & Huff, Trans. Edin. Geol. Soc, vol. viii, 1902, pp. 226-30;
Woolacott, Geogr. Journ., July, 1907 ; Smytlie, Glacial Geology of
Northumberland, 1912.

2 Dwemiiouse, " Glaciation of Teesdale," etc. : Quart. Journ. Geol. Soc,
vol. Iviii. 1902, pp. 572-608.

3 Herdman, " Glacial Phenomena of the Vale of Derwent " : Proc. Univ.
Durham Phil. Soc, vol. iii, pt. iii, 1909.

4 Glacial Geology of Northumberland, 1912.
5 Ibid., p. 104
6 Woolacott, Geogr. Journ., 1907, p. 43, and Trechmann, op. jam cit., Quart.

Journ. Geol. Soc, 1920, p. 192.
7 Smytlie, Glacial Geology of Northumberland, p. 106. The course of

this valley was probably first of all determined in Preglacial times by the
Irthing, which appears to have been then a tributary of the South Tyne.
Woolacott, Geogr. Journ., July, 1909, p. 8.
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lakes or by streams flowing from the margins of the ice-sheets, yet
when the ice had finally left the country it was the relative contour
of the surface of the bed-rock and drift that was the determining
factor in valley development. The valleys of the Tyne and Tees
and Upper Wear were superimposed on the partly filled Preglacial
channels, but many of the smaller of these had been entirely
obliterated, and the direction of the Postglacial streams bear no
relation to them. When the direction of ice-flow had been across
the pre-existing valley, there was left after the ice had vanished
a thicker deposit of Drift on the lee-side of the valley than on the
other. This contour of the glacial deposits forced the new streams
to erode their courses on the comparatively driftless side of the valley.
The most-marked channel thus produced is that of the Wear from
Durham past Finchale Abbey towards Chester-le-Street,1 which is
here developed in rock and boulder-clay on the eastern fide of the
" Wash ". The Wear valley thus is a composite one, being a com-
bination of three types—in its higher reaches it is superimposed on
the pre-existing channel, from near Durham to Chester-le-Street its
course was determined by the Drift-contour, but the gorge near its
mouth was originally eroded by an overflow stream from ice-dammed
waters, and was finally developed since the uplift of the Durham
coast in late Glacial or Postglacial times.

(10) The dry valleys of Northumberland and Durham which form
such a distinct feature in its physiography have been produced
in three distinct ways, viz.: (a) some are Preglacial channels which
have not been filled up by drift, (b) some are the forsaken overflows
from glacier-lakes, (c) some were formed by streams that flowed
from the margin of the ice-sheet—on to country which was not
occupied by lakes—and are thus associated with Kaims.

(h) The dry valleys of the Permian area round Sunderland, of
which Tunstall Hope is a typical example, are mature, comparatively
driftless valleys, whose outlets were blocked by material deposited
by the Tweed-Cheviot ice as it moved along the coastal region and
by the marginal deposits of the sea as the raised beaches were
being formed, (b) The valleys which were eroded by the over-
flow waters from temporary lakes held up by ice are singular in
form and position and bear no relation to the present drainage or to
any possible river drainage of the past.2 They are usually trench-

1 There are several of this type in Northumberland. Smythe, op. jam cit.,
p. 112.

2 Professor Bonnev, discussing the glacier-lakes of Cleveland (Pres. Address,
B. A. Sheffield, 1910, p. 29) has suggested that "the so-called overflow
channels much more closely resemble the remnants of ancient valley-systems
. . . and they suggest that the main features of this picturesque upland
were developed before rather than after the beginning of the Glacial Epoch ",
but a detailed examination of most of the more important dry channels
of Northumberland, Durham, and Cleveland his convinced me that—with
certain exceptions, as for example some on the Permian area of East Durham
—it is impossible for the great majority of them to be the remnants of old
drainage systems.
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like in character with flat bottoms and have obviously been cut
quickly under peculiar conditions. They breach watersheds, sever
spurs, and trench hill-sides. Some of them cut. through the drift
into the bedrock, thus affording evidence of their origin in late
Glacial times. Dr. Smythe has mapped about seventy in
Northumberland, and in Durham there are many well-developed
gorge-like examples. Owing to the Nunatakkr of the Crossfell
ridge preventing the western ice from sweeping over South-West
Northumberland and the west of Durham, this country was not
glaciated to the same extent nor in the same way as the main part
of Northumberland. (The Cheviot massif had its own local glaciers
and its borders were swept by the Tweed ice on the north and the
western ice on the south, and is therefore also a distinct area.) The
glaciers in this protected region of West Durham and South-West
Northumberland were valley-glaciers, Alpine in.type, and on its
northern and southern borders the glacier-lakes in the tributary
valleys of the Tyne and Tees were formed on high ground, and the
swires thus cut across high watersheds and are sometimes moat
striking in their appearance and position. In Mid-Northumberland
the phenomena due to the retreat of the ice can, be very
clearly studied. Dr. Smythe has shown that the line of junction
between the Tweed-Cheviot coastal ice and the Western ice was a
position of cleavage and weakness, and that temporary waters were
held up on the ice-free country between these sheets as the ice-
streams decreased, the overflow valleys and the fluvio-glacial
Kaims being exceptionally well developed.

(6) The glacier-lake phenomena connected with the Tees ice is
specially interesting near Middleton. The tributary valleys of the
Eggleshope Beck and the Blackton Burn had lakes formed in them,
and here both direct overflow channels across the watershed between
the Tees and Wear and a severed spur between the two minor valleys
are clearly marked. Cutting across the ridge of Knotts Allotment
beneath the Millstone Rigg, between the Eggleshope and Blackton
Burns, are a well-defined series of flat-bottomed nicks, one below the
other—notches in the spur developed by overflow marginal streams
as the Tees glacier diminished in volume. This remarkable severed
spur forms one of the most distinct features of the landscape between
Barnard Castle and Middleton. It is perhaps worthy of note that
some of these slacks afford a means of roughly determining the
thickness of the ice in the main valley when they were formed; thus
the trenches on this spur lie between the 1400 and 1500 contour,
while the height of the base of the Tees valley at this point is from
600 to 700 feet. As the highest notch was cut at the time of the
maximum thickness of the Tees valley ice, the glacier occupying
this valley between Middleton and Romaldkirk must have been
700 or 800 feet thick.1

1 The Tees valley glacier was probably held up for a time in this region by
the Lake District (Shap) ice sweeping over Stainmoor.
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(c) Some swires, and also valleys which are now permanent water-
courses (to which, however, the streams in them are often obviously
not adjusted) were directly formed by streams flowing from the
ice-margin, whose load of sediment was deposited as a Kaim. The
Burners Hills, already noticed as occurring on the Cotherstone Moor,
have drainage channels connected with them, and the trench now
occupied by the How Beck is the course of the escaping glacial waters.
Dr. Smythe has also noticed the association of Kaims with dry
valleys in Northumberland.1 The glacier-streams in such cases did
not flow directly into lakes, and hence sometimes developed wide
and deep trench-like slacks.

(11) One of the most striking features of the superficial deposits
of these two counties is the great amount of erosion and reassortment
of glacial material that has taken place along the main valleys of
the Tyne, a feature which was first clearly pointed out by Lebour.2

The river terraces formed from the Drift in this valley between
Bardon Mill and Haydon Bridge by the Glacial and Postglacial
streams can be traced as high as the 300 feet contour-line. This is
in distinct contrast with the apparently small denudation of the
kaims, drumlins, and other surface features of the Drift out of the
line of the main valleys, but this may be deceptive as these mounds
and ridges may be much reduced in size, although their original
contour is still preserved.

(To be continued.)

The World's Copper Production.
B.y F. H. HATCH, Ph.D., M.Inst.C.E., Past-President of the

Institution of Mining and Metallurgy.

THE following article originally appeared in the Times Trade
Supplement of August 28 last. It is here reprinted with

some small additions by the courtesy of the proprietors of that
Journal.

The world's consumption of copper at the beginning of the
nineteenth century was some 15,000 tons 3 per annum. By the
end of the century it had increased to over 600,000 tons per
annum, and it reached a million tons by the year 1912. In 1917 it
was close on one and a half million tons.

This era was one of continually growing engineering activity, and
the high consumption of copper in the latter part of the period was
chiefly due to the great demand for that metal for purposes of
electric power generation and transmission, while during the late

1 Glacial Geology of Northumberland, p. 102.
2 Geology of Northumberland and Durham, p. 15, and " Certain Surface

Features of the Glacial Deposits of the Tyne Valley" : Nat. Hist. Trans.
Northumberland, etc., vol. xi, pt. iii, 1893.

3 Metric tons throughout.


